STUDIES ON SYNTHETIC AND MECHANISTIC ASPECT OF NOVEL HETERO-RING FUSED PYRIDINES AND THEIR BIOLOGICAL ACTIVITY by S., RAVI KANTH
Abstract
Pyridine nucleus is present in several naturally occuring alkaloids and biologically active molecules. Pyridine based heterocycles like pyridopyrimidines pyrrolopyridines pyrazolopyridines and their derivatives are found to have wide range of activity. Piritrexim ( PTX ), a pyrido[2,3-d]pyrimidine is used as potent non-classical DHFR inhibitor. The aza-indole or pyrrolopyridine ring systems form the basic skeleton in many of the biologically active alkaloids and also in some compounds that occur in nature. 7-Aza indole derivatives are found to exhibit anti-inflammatory, analgesic and anti-pyretic activity. Further, pyrazolopyridines and pyrazolopyrimidines are known to exhibit anti-tubercular activity, activity against Gram positive and Gram negative bacteria. Therefore the synthesis of new analogues of these compounds have gained significance to find more potent organic molecules which will become drugs. 
The aim of this research programme is to synthesize novel pyrido[2,3-d]pyrimidines ,   functionalised pyrrolopyridines , pyrido[3’,2’:4,5]pyrrolo[3,2– d] [1,3]oxazin4(5H)-ones , pyrido[2',3':3,4]pyrazolo [1,5-a]pyrimidines / quinazolines and development of new methodologies for organic synthesis. Thus all the planned ring systems have been synthesized and formatted into a Ph.D. thesis.
The research work covered in thesis has been divided into six chapters and each chapter has been briefly outlined below. 
Chapter – I : Introduction
Chapter I covers the importance of pyrido[2,3-d]pyrimidines , pyrrolopyridines , pyrido pyrazolo pyrimidines  and the methods available in literature so far for synthesizing these compounds.
Chapter – II  : This chapter is divided into  Section A and B
 Section A : Synthesis of 5-trifluoromethyl-2,4,7-trisubstituted pyrido[2,3-                                        d]pyrimidines
This section covers the preparation of 2-amino-4-trifluoromethyl-6-substituted aryl nicotinonitriles (3) from 3-cyano-4-trifluoromethyl-6-substituted aryl-2(1H)-pyridones 1 via 2-O-acetamido-3-cyano-4-trifluoromethyl-6-substituted aryl-pyridines 2.  

         

Compounds (3) on treatment with Grignard reagent followed by trifluoroacetic anhydride /aromatic aldehyde in single pot resulted in 5-trifluoromethyl-2,4,7-trisubstituted pyrido[2,3-d]pyrimidines (4). The role of substituents in Grignard reagent and compounds 3 on formation of products (4) is studied in detail. 

                                   
Section – B  : Synthesis of  2,7-Disubstituted-5-(trifluoromethyl)pyrido[2,3-                            d]pyrimidin-4-amine. 
 The 2-amino-4-trifluoromethyl-6-substituted aryl nicotinonitriles (3) was condensed with triethyl orthoformate / triethylorthoacetate in presence of catalytic amount of acetic acid to give ethyl-3-cyano-6-substituted – 4 -(trifluoromethyl)pyridin-2-ylimidoformate /ethanamidoate (6).

                  

Compounds (6) on treatment with aliphatic amines / substituted anilines via unstable intermediate 8 undergone Dimroth rearrangement and obtained compounds (7). In some cases intermediate 8 is isolated and converted to compounds 7.   

                   

Chapter III : Synthesis of Pyrido[3’,2’:4,5]pyrrolo[3,2– d] [1,3]oxazin-4(5H)-                       ones
                            	
Novel pyrido[3’,2’:4,5]pyrrolo[3,2–d][1,3]oxazin-4(5H)-ones (13) were synthesized starting from substituted 2-aminonicotinonitriles (3) by multistep synthesis involving diazotisation, Sandmeyer reaction, amination, Thorpe-Ziegler reaction, hydrolysis and cyclisation. Initially as alkylation of amine in compound 3 led to only dialkylated product, it is planned to adopt an alternate path for the synthesis of N-alkylated amine nicotinonitrile. Compounds 3 on diazotisation followed by reaction with KI gave the Iodo compounds 9 which on treatment with aliphatic / aromatic amines gave the corresponding N-alkyl / aryl amine substituted nicotinonitriles 10. 


The compounds (10) on reaction with -bromoethylacetate in DMF afforded Ethyl 3-amino-1,6-disubstituted-4-trifluoromethyl-1H-pyrrolo[2,3-b]pyridine-2-carboxylate (11). The compounds (11) was further hydrolysed with 15 % aqueous KOH solution to give compounds (12) and are cyclised with acetic anhydride / trifluoroacetic anhydride to afford compounds (13).   
     



Chapter – IV :  Synthesis of novel pyrido[2', 3':3,4] pyrazolo [1,5- a] 
                          pyrimidines / quinazolines

The 2-O-acetamido-3-cyano-4-trifluoromethyl-6-substituted aryl-pyridines (2) prepared in chapter I was refluxed in excess of hydrazine hydrate to give 6-substituted phenyl-4-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-3-amine ( 5 ).

                       

Compounds 5 was treated with formaldehyde / benzaldehyde followed by various electron rich alkenes in acetonitirile in presence of one equivalent of FeCl3 at room temperature to give the   corresponding adducts ( 14 , 15 ). The reaction proceeds probably by a concerted mechanism is evidenced by the fact that there were no intermediates observed in the study. The synthesized adducts were characterized and structures established based on 1H NMR and X-ray crystallography data. The low coupling constant ( J ) of the ring junction protons in the adducts suggest cis ring fusion. The formation of single cis ring fused product indicates that the cyclisation is regioselective. 


The adducts ( 14 or 15 ) were dehydrogenated in presence of active MnO2 at room temperature to give the corresponding pyrido[2',3':3,4] pyrazolo [1,5- a]pyrimidines / quinazolines ( 16 ). 

   

Chapter – V  :   New  methodologies for Organic synthesis
   This chapter is divided into two sections A & B      
Section - A  : A simple and convenient method for the reduction of                               nitroarenes
                                                
This section describes the method for the reduction of substituted nitroarenes to corresponding anilines using NaSH on solid support under microwave irradiation conditions. The main advantage of microwave irradiation method is that the reaction is completed in short time with simple product isolation procedures. 

        

Section – B  : ZnBr2  catalysed efficient oxidative homo-coupling of aryl                             magnesium bromides.
 Oxidative homo coupling of various arylmagnesium bromides in presence of ZnBr​2 gave the corresponding symmetrical biaryls in moderate to good yields at room temperature. An efficient method under mild conditions has been developed. ZnBr2 was found to be an efficient catalyst in comparision to ZnCl2 and Zn(OAc)2 for oxidative homo-coupling of arylmagnesium bromides. 
 

Chapter – VI   :   Biological Activity 
 This chapter summarises the antibacterial activity studies carried out on the compounds synthesized in the course of this work. Some of the compounds such as 7-(4-methylphenyl)-5-(trifluoromethyl)pyrido[2,3-d]pyrimidin-4-amine (7d) ,  N-methyl-2-methyl-7-phenyl-5-(trifluoromethyl)pyrido[2,3-d]pyrimidin-4-amine (7h) , 2-methyl-5,7-diphenyl-9-trifluoromethylpyrido[3',2':4,5]pyrrolo[3,2-d][1,3]oxazin-4(5H)- one  (10c)  2-methyl-7-(4-methylphenyl)-5-phenyl-9-trifluoromethylpyrido[3',2':4,5]pyrrolo[3,2-d][1,3]oxazin-4(5H)-one (10g) ,   2,9 -bis(trifluoromethyl) -7-(4-methylphenyl)- 5 -phenylpyrido[3',2':4,5] pyrrolo [3,2-d][1,3]oxazin-4(5H)- one (10h) , Ethyl-3-amino-1-benzyl-6-phenyl-4-trifluoromethyl-1H-pyrrolo[2,3-b]pyridine-2-carboxylate (8a), Ethyl-3-amino-6-(4-methylphenyl)-1-phenyl-4-trifluoromethyl-1H-pyrrolo[2,3-b]pyridine-2-carboxylate (8d) , 4,8-Diphenyl-10-(trifluoromethyl)-1,2,3,4- tetrahydropyrido[2',3':3,4]
pyrazolo [1,5-a]pyrimidine (4) and  4-methyl-4,8-diphenyl-10-(trifluoromethyl)-3,4-dihydropyrido [2',3':3,4]pyrazolo [1,5-a]pyrimidine (30) showed promising anti bacterial activity. 

Conclusion :  Novel pyrido[2,3-d]pyrimidines , pyrrolo[2,3-b] pyridine derivatives  and pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidines have been synthesized from 2-amino nicotinonitriles using different methodologies and reagents. Mechanistic paths for each reaction is formulated in order to have a clear understanding of chemistry. All the compounds were screened to identify a promising molecule for meaningful conclusion.



















